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Abstract
Background: Although neighbourhood environments are often blamed for contributing to rising levels of obesity,
current evidence is based predominantly on cross-sectional samples. This study examined associations between
objectively-measured environmental characteristics of neighbourhoods and adiposity cross-sectionally and
longitudinally over three years in children and their female carers.
Methods: Longitudinal study of 140 5-6 year-old and 269 10-12 year-old children and their female carers (n = 369).
At baseline (2001) and follow-up (2004), height and weight were measured among children and self-reported among
female carers, and were used to compute BMI z-scores and BMI, respectively. A Geographic Information System
determined access to destinations (public open spaces, sports options, walking/cycling tracks), road connectivity
(density of cul-de-sacs and intersections, proportion of 4-way intersections, length of ‘access’ paths (overpasses,
access lanes, throughways between buildings)) and traffic exposure (length of ‘busy’ and ‘local’ roads) within 800 m
and 2 km of home. Univariate and multivariable linear regression analyses examined associations between
environmental characteristics and BMI/BMI z-scores at baseline and change in BMI/BMI z-scores over the three years.
Results: Cross-sectionally, BMI z-score was inversely associated with length (km) of access paths within 800 m (b =
-0.50) and 2 km (b = -0.16) among younger and number of sport/recreation public open spaces (b = -0.14) and
length (km) of ‘access’ paths (b = -0.94) within 800 m and length of local roads within 2 km (b = -0.01) among
older children. Among female carers, BMI was associated with length (km) of walking/cycling tracks (b = 0.17) and
busy roads (b = -0.34) within 800 m. Longitudinally, the proportion of intersections that were 4-way (b = -0.01)
within 800 m of home was negatively associated with change in BMI z-score among younger children, while
length (km) of access paths (b = 0.18) within 800 m was significant among older children. Among female carers,
options for aerobics/fitness and swimming within 2 km were associated with change in BMI (B = -0.42).
Conclusion: A small number of neighbourhood environment features were associated with adiposity outcomes.
These differed by age group and neighbourhood scale (800 m and 2 km) and were inconsistent between cross-
sectional and longitudinal findings. However, the results suggest that improvements to road connectivity and
slowing traffic and provision of facilities for leisure activities popular among women may support obesity
prevention efforts.
Background
Obesity is an increasingly prevalent health condition in
Australia. Almost one in four Australian children and
adolescents [1] and three in five Australian adults [2]
are overweight or obese. The rate of recent changes in
obesity in Australia and other parts of the world has led
many to conclude that changes to the environment,
rather than genetic or personal factors, are most likely
to be responsible [3-5]. The impact of the environment
on obesity is likely to be mediated through key beha-
viours that contribute to energy imbalance, such as phy-
sical activity, sedentariness and eating behaviours [6].
Thus, environmental factors likely to have the most
leverage are those that reduce the need and/or
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those that encourage sedentary behaviours and those
that increase opportunities and incentives for energy
intake through eating. Environmental factors that have
been shown to negatively influence physical activity
behaviours include limited access to recreational facil-
ities, such as parks, sports venues, sidewalks, bicycle/
walking trails [7,8], and environmental characteristics
that promote automobile use and discourage walking for
transportation, such as road systems that lack intercon-
nectivity, low neighbourhood walkability, lack of access
to public transportation and unsafe streets due to traffic
and/or crime [7,9,10].
Despite the attention given to the role of such envir-
onmental factors on obesity in the scientific and lay
press, empirical research on the topic is limited predo-
minantly to cross-sectional studies and the results to
date are mixed. A review by Papas and colleagues [6] in
2007 identified 12 studies that examined objectively-
assessed features of the built environment related to
physical activity and risk of obesity in adult populations.
These studies were all cross-sectional or ecological and
there was much disparity between studies in the types
of features examined, measurement methods and the
scale or size of the neighbourhood studied (i.e., how
neighbourhoods were defined). However, there were
associations found between many aspects of the built
environment and obesity risk, such as distance and
access to facilities, sidewalk availability, neighbourhood
walkability, sprawl, mixed land use, greenery, graffiti and
population density. More recent studies have also shown
associations between obesity and lack of trails, high traf-
f i c ,g r e a t e rn u m b e ro fn e i ghbourhood barriers, street
connectivity and amenities [11,12].
Among youth, a recent review of 15 studies (including
only one longitudinal study) examining features of the
physical environment and adiposity [13] reported an
inconsistent pattern of findings. Among children, results
differed by sex, age and area of residence. Positive asso-
ciations with obesity outcomes were found for number
of neighbourhood hazards (low socioeconomic areas)
and parent perceptions of heavy traffic (older children),
while there were negative associations for the amount of
vegetation (highly populated areas only), intersection
density (girls), child (but not parent) reported access to
physical activity facilities and bike/walking trails and
objectively-assessed neighbourhood walkability (girls).
Among adolescents, obesity was associated with access
to facilities, neighbourhood type and urban sprawl [13].
To date, the existing literature has failed to identify
strong and consistent physical activity-related environ-
mental correlates of obesity cross-sectionally. In part,
this may be because there has been little consistency
across studies in the way in which both neighbourhoods
and neighbourhood features are defined and most stu-
dies focus on only few features. There is also a dearth of
longitudinal studies [6,13] and none to date that have
examined both children and adults simultaneously [6].
The present investigation sought to add to the current
evidence base by examining cross-sectional and longitu-
dinal associations between objectively-measured physical
activity-related neighbourhood characteristics and adip-
osity among children and their female carers.
Methods
The Children Living in Active Neighbourhoods (CLAN)
Study is a longitudinal study that examined family and
neighbourhood influences on children’s physical activity
and sedentary behaviour. Two age cohorts, 5-6 and 10-
12 year-old children, and their parents were recruited in
2001 (baseline) and followed up in 2004 (follow-up).
Parents of children in each cohort completed a self-
administered questionnaire. The Deakin University
Human Ethics Committee and the Department of Edu-
cation and Training Victoria approved baseline and fol-
low-up data collection protocols. The Catholic
Education Office also approved the data collection pro-
tocols for follow-up.
Sample
Families of children in both age cohorts were recruited
from 19 state elementary schools in Melbourne, Austra-
lia in 2001. Details of baseline recruitment have been
described previously [14-16]. Briefly, 698 families agreed
to be recontacted for further research and were subse-
quently invited to participate in the three-year follow-up
study (2004). At both baseline and follow-up, active con-
sent was required from parents for their own and for
their child’s participation. In total, 188 5-6 year-old and
402 10-12 year-olds participated in the follow-up; how-
ever the data presented in this paper are based on chil-
dren and female carers with height and weight data
(self-reported for female carers) at each time point and
who did not change residential address between 2001
and 2004. Female carers whose partner completed the
questionnaire were excludeda sp r o x y - r e p o r t so fw e i g h t
may not be accurate [17]. The average length of follow-
up for these children was 2.9 ± 0.4 years.
Measures
Adiposity
Children’s height and weight were measured without
shoes and in light clothing at the child’s school at base-
l i n ea n da tt h ec h i l d ’s school or home at follow-up
using a portable stadiometer and digital scale. At follow-
up, parents measured the height and weight of 15 chil-
dren (3.7% of sample) whom we were unable to visit.
Body mass index (BMI, kg/m
2) was computed and
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P a r e n t sr e p o r t e dt h e i ro w nh e i g h t( w i t h o u ts h o e s )a n d
weight (without clothes or shoes). Self-reported height
and weight values have been shown to be highly corre-
lated with measured values in adult populations [19].
BMI (kg/m
2) was computed for female carers at each
time point. Changes in children’sB M Iz - s c o r e sa n d
female carers’ BMI were computed by subtracting fol-
low-up from baseline values.
Socio-demographic information
Parents were asked to provide the following socio-
demographic information for themselves and their part-
ner (where applicable): age; highest level of education;
usually speak English in the home; marital status; and
employment status.
Neighbourhood environment
A Geographic Information System (GIS) was used to
generate objective measures of the neighbourhood phy-
sical activity environment (ESRI ArcView 3.3 and related
extensions). The GIS dataset included cadastral and
road/road infrastructure data supplied by the State of
Victoria (VicMap Property, VicMap Address and Vic-
Map Transport). The Open Space 2002 spatial dataset
(owned by the Australian Research Centre for Urban
Ecology) was also used and walking/cycling paths and
access paths were identified using VicMap Transport
(Jan 2004) and Melway Map Images (Edition 31, Octo-
ber 2003, Ausway Publishing). Individual participant
addresses were geocoded and physical activity destina-
tions, road connectivity and traffic exposure within an
800 m and a 2 km Euclidian buffer of each address
point were examined. There is currently no consensus
as to how to define a neighbourhood for either children
or adults [20,21]. At baseline, parents reported their
child’s ‘walking distance’ as 800 m [22]. While this may
approximate an appropriate neighbourhood scale for
children, walking distances for adults (and for children
entering adolescence) are likely to be greater. Moreover,
the scale of neighbourhoods may be further extended
through vehicle use [23], including parents driving their
children to physical activity opportunities [24,25]. Thus
two definitions (800 m and 2 km) were used.
Destinations Within each buffer, the density of freely
accessible public open spaces (no fees or restricted
opening hours) and public open spaces classified as
‘sport/recreation’, the number of different popular sports
available to children (range 0-9), the existence of gyms/
leisure centres, swimming pools or both (coded 0-2),
a n dt h et o t a ll e n g t h( k m )o fw a l k i n ga n dc y c l i n gt r a c k s
(excluding overpasses and access lanes/throughways
between buildings) were computed. Sports popular
among children were defined as those with greater than
5% participation (males and females combined) among
5-14 year-olds in 2003 (basketball, BMX riding, cricket,
football, gym, netball, swimming, skating, soccer and
tennis) [26]. As aerobics/fitness and swimming are the
most popular sports/physical activities among women
(excluding walking) [27], the option within the neigh-
bourhood to visit a gym/leisure centre and a swimming
pool were examined separately. Locations where each
activity/sport could be performed were sourced from
community directories, local government, electronic tel-
ephone directories and other websites. In addition, dis-
tance to school was calculated using the shortest
possible route along the road network [22].
Road connectivity Measures within each buffer
included number of cul-de-sacs, intersection density, the
proportion of intersections that were at least 4-way and
the total length (km) of ‘access’ paths (defined as over-
passes, access lanes and throughways between
buildings).
Traffic exposure Within each buffer, the total length of
roads classified as freeways, highways or arterial roads
(’busy’ roads with higher speed limits [22]) and of those
classified as ‘local’ roads [28] were computed.
Statistical analyses
Statistical analyses were conducted using STATA 8.0
(Stata Corporation, College Station, 2003). In each age
group, independent t-tests were used to compare mean
differences between boys and girls in baseline, follow-up
and change in BMI z-score, and in neighbourhood
environment exposures. Paired t-tests were used to
examine changes in BMI and in BMI z-score between
baseline and follow-up for female carers and for boys
and girls in each age group, respectively. Each neigh-
bourhood environment variable was entered into sepa-
rate linear regression models predicting baseline BMI
z-score and change in BMI z-score among children and
baseline BMI and change in BMI among female carers.
Variables significantly related to the outcomes were
added simultaneously into multivariable linear regres-
sion models after potential collinearity was checked
(correlations between entered variables were < 0.7 and
the Variance Inflation Factors <2). Regression analyses
were conducted separately for 5-6 and 10-12 year-old
children (controlling for sex), longitudinal models also
adjusted for baseline adiposity and all models were
adjusted for clustering by baseline school using robust
standard errors. The number of different popular sports
available to children was not examined among female
carers and the existence of gyms/leisure centres/swim-
ming pools was not examined among children.
Results
Sample profile
Data were available for 140 children initially aged 5-6
years (53% boys) and 269 children initially aged 10-12
Timperio et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:18
http://www.ijbnpa.org/content/7/1/18
Page 3 of 8years 45% boys). Most children had female carers with a
university or tertiary qualification (44%). The families of
most children usually spoke English at home (97%), and
most had parents who were married or living as married
(88%). Almost two-thirds (64%) of children had a female
carer who was employed full or part-time. Data were
available for 369 female carers. Their average age at
baseline was 40.1 (SD = 5.3) years. The adiposity of chil-
dren included in analyses did not differ from other chil-
dren in the original baseline sample, however a higher
proportion included in these analyses (p < 0.05) had
parents who were married/living as married, a female
carer with a university or tertiary qualification and a
family that usually spoke English at home. These differ-
ences were also apparent among female carers included
in analyses compared to other women in the baseline
sample, but there were no differences in BMI or weight
status among these women.
Weight change
BMI z-score remained relatively stable over the three
year period for boys. It decreased among younger girls
and increased among older girls (Table 1). The mean
BMI of female carers increased significantly over the
three year period (p < 0.001).
The neighbourhood environment
Table 2 shows the distribution of objective measures of
the neighbourhood environment and highlights variation
in exposures.
Cross-sectional associations with BMI
Only length of access paths (km) within 800 m of home
was inversely associated with BMI z-scores among
younger children (B = -0.50, 95%CI = -0.84,-0.16, p =
0.006). Among older children, length of access tracks
(B = -0.54, 95%CI = -0.94,-0.13, p = 0.041) and number
of sport/recreation public open spaces (B = -0.14, 95%
CI = -0.26,-0.10, p = 0.033) were inversely related to
BMI z-scores in both univariate and multivariable ana-
lyses (values for multivariable analyses only reported
here). Consistent with univariate models, among female
carers length of walking/cycling tracks within 800 m
was positively (b = 0.17, 95%CI = 0.09, 0.26, p < 0.001)
and length of busy roads within 800 m negatively (b =
-0.34, 95%CI = -0.60, -0.08, p = 0.012) associated with
BMI in multivariable analyses.
Using a 2 km buffer around participant homes, access
paths was again significantly associated with BMI z-
score among younger (B = -0.16, 95%CI = -0.30,-0.02, p
= 0.027) but not older children. Length (km) of local
roads within 2 km of home was negatively associated
with BMI z-scores among older children (B = -0.01, 95%
CI = -0.01,-0.00, p = 0.048). None of the neighbourhood
features within 2 km were associated with BMI among
female carers.
Longitudinal associations with BMI
Intersection density (B = -0.002, 95%CI = -0.003,-0.0003,
p = 0.02) and the proportion of 4-way intersections (B =
-0.01, 95%CI = -0.02,-0.003, p = 0.012) within 800 m of
home were inversely associated with change in BMI z-
score among younger children, but only number of 4-
way intersections remained significant in the multivari-
able model (B = -0.01, 95%CI = -0.01,-0.0002, p =
0.044). Only length of access paths (B = 0.18, 95%CI =
0.01,0.35, p = 0.04) within 800 m was associated with
greater relative increases in BMI z-score among older
children. There were no associations between BMI z-
scores and neighbourhood features within 2 km among
children. However, among female carers the number of
options for aerobics/fitness and swimming within 2 km
Table 1 Mean (SD) BMI z-score and BMI among children and female carers
5-6 years
a 10-12 years
a Female carer
b
(n = 369)
Boys
(n = 74)
Girls
(n = 66)
Boys
(n = 120)
Girls
(n = 149)
BMI z-score/BMI
Baseline 0.46 (0.94) 0.69 (0.79) 0.44 (0.97) 0.25 (0.91)
e 24.38 (4.38)
Follow-up 0.47 (0.95) 0.51 (0.85) 0.50 (0.97) 0.45 (0.85) 25.01 (4.69)
p-value
c 0.836 0.001 0.273 <0.001 <0.001
Change in BMI z-score/BMI 0.01 (0.50) -0.18 (0.41)
d 0.05 (0.53) 0.20 (0.49)
de 0.62 (2.61)
aBMI z-score (children)
bBMI (female carers)
cPaired t-test between baseline and follow-up
dIndependent t-test between boys and girls: p < 0.05
eIndependent t-test between age groups: p < 0.001
BMI, body mass index
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(B = -0.42, 95%CI = -0.83, -.0005, p = 0.05).
Discussion
This study is one of the first to examine associations
between the neighbourhood physical activity environ-
ment and adiposity longitudinally, and to examine both
children and adults simultaneously. Overall, few objec-
tively assessed characteristics of the neighbourhood
environment included in this study were associated with
adiposity or changes in adiposity over three years among
children in early and later primary school or among their
female carers. Features for which there were associations
generally differed by age group and there was little con-
sistency between cross-sectional and longitudinal find-
ings, and between the two neighbourhood scales (800 m
and 2 km) adopted in this study. This suggests that dif-
ferent factors may be important during different life
stages [20], and highlights the importance of careful con-
sideration of the scale used for studies of different age
groups and different behaviours. Nevertheless, in general,
most associations were found for features within 800 m
of home, rather than features within the wider definition
of a neighbourhood (2 km), regardless of age.
Access to destinations for physical activity was found to
be associated with adiposity among older children and
female carers, but not younger children. The density of
public open spaces designated specifically as sport/recrea-
tion was negatively associated with BMI z-scores among
older children, suggesting that the provision of spaces
specifically for physical activity may be important in
efforts to prevent obesity in children. This finding is con-
sistent with previous research linking access to recrea-
tional facilities with physical activity among children [7].
Notably, the number of different sports that are popular
among children that were available within the local
neighbourhood was not associated with adiposity in any
analyses. This measure, however, does not capture less
organised forms of physical activity that may be impor-
tant among children. These findings should be considered
with caution since the cross-sectional finding regarding
sport/recreation spaces was not replicated in the longitu-
dinal analyses. This may reflect changes in leisure inter-
ests as children age, whereby these kinds of sports and
recreation facilities may be less appropriate, relevant or
desirable to mid-adolescents than to 10-12 year-olds.
Consistent with the literature among adults [29], access
to gyms/leisure centres and swimming pools within 2 km
was associated with relatively smaller increases in BMI in
longitudinal analyses among female carers. Provision of
facilities for leisure activities popular among women,
combined with consideration about the cost of using
those facilities particularly in disadvantaged areas [30],
may therefore be an important strategy for obesity pre-
vention. However, cross-sectionally, length of walking/
cycling tracks within 800 m of home was associated with
higher BMI among women in this study - an unexpected
finding that requires further exploration.
Table 2 Distribution of neighbourhood environment variables among children and female carers
800 m 2 km
Children
(mean, sd)
Female carers
(mean, sd)
Range Children
(mean, sd)
Female carers
(mean, sd)
Range
(n) (409) (369) (409) (369)
Destinations
Density freely available POS 7.7 (3.7) 7.7 (3.7) 0 – 20 40.8 (14.4) 40.6 (14.2) 0 – 79
Density sport/recreation POS 1.0 (0.9) 1.0 (0.9) 0 - 4 5.8 (2.9) 5.8 (2.9) 0 – 15
Number sport options – children 2.3 (1.9) - 0 – 8 5.7 (1.8) - 0 – 9
Number gym/swimming options - 0.4 (0.7) 0 - 2 - 1.4 (0.8) 0 - 2
Linear km of walk/cycle tracks 3.3 (3.3) 3.3 (3.3) 0 – 21.6 15.6 (9.1) 15.4 (9.0) 0 – 60
Distance to school (km) 2.1 (3.2) 2.2 (3.4) 0.04 – 36.5 - - -
Road connectivity
Number of intersections 89.2 (38.7) 89.9 (39.5) 1 - 279 480.3 (189.2) 483.0 (194.6) 24 – 1225
Proportion of 4-way intersections 10.2 (7.7) 10.4 (7.9) 0 - 44.4 10.7 (6.6) 10.8 (6.7) 0 - 25.3
No. of cul-de-sacs 29.6 (17.4) 29.3 (17.6) 1 - 97 156.3 (73.9) 153.1 (72.4) 12 – 402
Linear km of ‘access’ paths 0.2 (0.3) 0.2 (0.3) 0 - 1.4 1.2 (0.9) 1.2 (0.9) 0 - 4.9
Traffic exposure
Total length of ‘busy’ roads (km) 1.9 (1.7) 1.9 (1.7) 0 - 7.9 12.0 (6.9) 12.0 (6.7) 0 - 30.5
Total length of local roads (km) 16.0 (4.8) 16.1 (4.8) 1.0 – 36.6 87.3 (25.8) 87.8 (26.4) 8.4 - 144.7
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ponent of the walkability of neighbourhoods because
neighbourhoods that are better connected reduce travel
times by foot or cycle and offer a greater diversity of
routes to local destinations without adding substantially
to travel times [9]. In this study, intersection density
and proportion of intersections that were at least 4-way,
both indicators of connectivity [31], were longitudinally
associated with relatively greater decreases in BMI z-
scores over the three years among younger children, but
not among older children. Similar findings have been
found among children of a similar age in Canada [32],
while Frank and colleagues [33] found intersection den-
sity to be a correlate of walking behaviour among ado-
lescents but not children. Few studies have examined
associations between similar measures of connectivity
and physical activity behaviour among young children
[7]. More research is needed to better understand rela-
tionships between connectivity and adiposity in this age
group and mediators of this relationship. Although con-
nectivity is a well-known correlate of walking behaviour
among adults [9], no associations were found with adip-
osity outcomes among female carers in this sample.
Length of access paths is also a measure of connectivity,
s i n c et h e s ep a t h sf a c i l i t a t ep e d e s t r i a nt r a v e lb yg o i n g
under or over major roads, and making it quicker and
less dangerous to reach destinations [34]. In this study,
access paths were negatively associated with BMI z-
scores among both groups of children, suggesting that
living in areas with many shortcuts or cut-throughs is
important among children, possibly making it safer for
children to walk locally. However, access paths were not
associated with change in BMI z-score longitudinally in
the younger children and became associated with greater
relative increases in BMI z-scores among older children.
This inconsistent finding needs further study.
Although the total amount of ‘busy’ roads within
neighbourhoods was unrelated to adiposity outcomes in
children, cross-sectionally greater length of local roads
were associated with lower BMI z-scores among the
older children. This finding is consistent with earlier
cross-sectional findings in the same sample of children
where the older children, but not the younger children,
were more likely to be overweight or obese if their par-
ents perceived there to be heavy traffic in their local
streets and more likely to be obese if their parents
agreed that road safety was a concern [14]. Given that
older children have greater independence, are more
likely to walk or cycle in their neighbourhoods [16,33]
and are therefore more likely to be exposed to traffic, it
is not surprising that associations were found for older
children and not younger children who may be more
likely to be accompanied by an adult or driven. These
findings suggest that efforts to slow traffic in residential
areas may be important for obesity prevention in chil-
dren. However, again, this cross-sectional finding was
not replicated longitudinally. One possible explanation
is that as children age they gain greater competence as
pedestrians or cyclists and traffic levels may become less
relevant. They may also be more likely to use streets for
travel rather than as a venue for play where traffic levels
would be of greater importance. In contrast to the
cross-sectional findings among children, length of busy
roads was negatively associated with BMI among female
carers. This may be because areas with more busy roads
reflect a more connected street network, though there
were no associations with other measures of connectiv-
ity in this study. Alternatively, the negative association
between length of busy roads and BMI among female
c a r e r sm a yb ec o n f o u n d e db ya r e a - l e v e ls o c i o e c o n o m i c
status, whereby areas with busier roads may be more
likely to be situated in inner-city areas and may poten-
tially have higher levels of advantage. The relationship
between socioeconomic status and obesity risk is well
documented [35,36].
The strengths of the present study include the use of a
range of objective indices of environmental variables
thought to influence physical activity, its prospective
design, its use of unique neighbourhoods specific to indi-
vidual residential addresses rather than administrative
definitions [21], and the inclusion of children and adults
exposed to the same neighbourhoods. The latter strength,
however, also poses challenges in defining ‘neighbour-
hoods’ a n dt h u st w od e f i n i t i o n sw e r eu s e dh e r et o
accommodate both children and adults. It is possible that
the 2 km radius may have been too large, even for adults,
and may have attenuated any impact of the local environ-
ment on obesity, which may explain the null relationships
between many of the attributes of the environment
examined here and adiposity using this neighbourhood
definition. In adults, for example, it has been suggested
that the ‘neighbourhood’ be restricted to a 15 minute
walk of 1.6 km [20]. Given parental concern for children’s
safety, however, a neighbourhood that might encourage
children’s physical activity may be considerably smaller.
Indeed, more associations were found for features mea-
sured within 800 m than within 2 km of home.
The study is limited by the relatively small sample size.
Further, this study examined only physical features of the
environment; it is possible that other features of the
environment for which we do not have archival quantita-
tive measures, such as the quality of destinations, may be
stronger determinants of obesity. Moreover, perceptions
of the environment may be stronger predictors of beha-
viour than objective variables [37]. In addition, given that
relatively few significant associations were found, it is
possible that some associations may have been due to
chance given the large number of statistical tests that
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be masked by gender differences that were unable to be
explored due to the small sample sizes. Although the
longitudinal design is a strength, the lack of consistency
between cross-sectional and longitudinal findings
requires further exploration and may be due to changes
in the saliency or importance of specific neighbourhood
features as individuals age, mature and gain greater
autonomy over what could be considered a substantial
period of time among children. Alternatively, it is possi-
ble that the neighbourhood environment may have
undergone change during the three years to follow-up.
These issues should be considered in future prospective
studies in order to establish causality. Finally, this study
did not consider attributes of the environment that may
be related to the other side of the energy balance equa-
tion, energy intake. Future studies should simultaneously
consider the impact of neighbourhood physical activity
and food environments on adiposity.
Conclusions
This study found few associations between objectively
assessed characteristics of the neighbourhood environ-
ment and adiposity outcomes, with differences by age
group and inconsistencies between cross-sectional and
longitudinal findings. However, the results suggest that
the environment most proximal to residential areas may
be most important in both adults and children. In parti-
cular, improvements to road connectivity and slowing
traffic may be important strategies to support obesity
prevention efforts. Although findings among children
were generally in the expected direction, some findings
among female carers were not as expected and require
further exploration. Further research should also
consider examining perceptions of neighbourhood envir-
onments, potential changes in neighbourhood environ-
ments over time and the role of the neighbourhood
food environment in relation to adiposity using a pro-
spective design.
Acknowledgements
This study was supported by research grants from the Financial Markets
Foundation for Children and the National Health and Medical Research
Council. Anna Timperio and David Crawford are supported by Public Health
Research Fellowships from the Victorian Health Promotion Foundation. Billie
Giles-Corti and Kylie Ball are supported by NHMRC Senior Research
Fellowships.
Author details
1Centre for Physical Activity & Nutrition Research, School of Exercise &
Nutrition Sciences, Deakin University, 221 Burwood Hwy, Burwood VIC 3125,
Australia.
2Obesity Prevention Center, Division of Epidemiology and
Community Health, University of Minnesota, 1300 S 2nd Street, Suite 300,
Minneapolis, MN 55454, USA.
3School of Population Health, The University of
Western Australia, 35 Stirling Hwy, Crawley WA 6009, Australia.
Authors’ contributions
AT and RWJ conceived of and each drafted sections of the paper and AT
performed data analyses. AT, DC, BGC and KB participated in the design of
the CLAN study. RR was responsible for generating all spatial data. All
authors assisted in the interpretation of the data, provided critical feedback
on drafts and read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 6 August 2009 Accepted: 19 February 2010
Published: 19 February 2010
References
1. Commonwealth Scientific Industrial Research Organisation (CSIRO),
Preventative Health National Research Flagship, The University of South
Australia: 2007 Australian National Children’s Nutrition and Physical Activity
Survey: Main Findings Canberra: Commonwealth of Australia 2008.
2. Cameron AJ, Welborn TA, Zimmet PZ, Dunstan DW, Owen N, Salmon J,
Dalton M, Jolley D, Shaw JE: Overweight and obesity in Australia: the
1999–2000 Australian Diabetes, Obesity and Lifestyle Study (AusDiab).
Med J Austr 2003, 178:427-432.
3. Hill JO, Peters JC: Environmental Contributions to the Obesity Epidemic.
Science 1998, 280:1371-1374.
4. French SA, Story M, Jeffery RW: Environmental influences on eating and
physical activity. Ann Rev Pub Health 2001, 22:309-335.
5. Peters JC, Wyatt HR, Donahoo WT, Hill JO: From instinct to intellect: the
challenge of maintaining healthy weight in the modern world. Obes Rev
2002, 3:69-74.
6. Papas MA, Alberg AJ, Ewing R, Helzlsouer KJ, Gary TL, Klassen AC: The Built
Environment and Obesity. Epidemiol Rev 2007, 29:129-143.
7. Davison KK, Lawson CT: Do attributes of the physical environment
influence children’s physical activity? A review of the literature. Int J
Behav Nutr Phys Activity 2006, 3:19.
8. McCormack G, Giles-Corti B, Lange A, Smith T, Martin K, Pikora TJ: An
update of recent evidence of the relationship between objective and
self-report measures of the physical environment and physical activity
behaviours. J Sci Med Sport 2004, 7:81-92.
9. Saelens BE, Sallis JF, Frank LD: Environmental correlates of Walking and
Cycling: Findings From the Transportation, Urban Design, and Planning
Literatures. Ann Behav Med 2003, 25:80-91.
10. Owen N, Humpel N, Leslie E, Bauman A, Sallis JF: Understanding
environmental influences on walking: review and research agenda. Am J
Prev Med 2004, 27:67-76.
11. Heinrich KM, Lee RE, Regan GR, Reese-Smith JY, Howard HH, Haddock CK,
Poston WS, Ahluwalia JS: How does the built environment relate to body
mass index and obesity prevalence among public housing residents?
Am J Health Promot 2008, 22:187-194.
12. Joshu CE, Boehmer TK, Brownson RC, Ewing R: Personal, neighbourhood
and urban factors associated with obesity in the United States. J
Epidemiol Comm Health 2008, 62:202-208.
13. Dunton GF, Kaplan J, Wolch J, Jerrett M, Reynolds KD: Physical
environmental correlates of childhood obesity: a systematic review. Obes
Rev 2009, 10:393-402.
14. Timperio A, Salmon J, Telford A, Crawford D: Perceptions of local
neighbourhood environments and their relationship to childhood
overweight and obesity. Int J Obes 2005, 29:170-175.
15. Telford A, Salmon J, Timperio A, Crawford D: Examining Physical Activity
Among 5- to 6- and 10- to 12-Year-Old Children: The Children’s Leisure
Activities Study. Pediatr Exerc Sci 2005, 17:266-280.
16. Timperio A, Crawford D, Telford A, Salmon J: Perceptions about the local
neighborhood and walking and cycling among children. Prev Med 2004,
38:39-47.
17. Reed DR, Price RA: Estimates of the heights and weights of family
members: accuracy of informant reports. Int J Obes 1998, 22:827-835.
18. Kuczmarski RJ, Ogden DL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R,
Mei Z, Curtin LR, Roche AF, Johnson CL: CDC growth charts: United States.
Advance data from vital and health statistics: no. 314 Hyattsville, MD:
National Center for Health Statistics 2000.
Timperio et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:18
http://www.ijbnpa.org/content/7/1/18
Page 7 of 819. Waters AM: Assessment of self-reported height and weight and their use in the
determination of Body Mass Index Canberra: Australian Institute of Health
and Welfare 1993.
20. Giles-Corti B, Timperio A, Bull F, Pikora T: Behavior and context specific
ecological models of physical activity. Exerc Sport Sci Rev 2005, 33:175-181.
21. Ball K, Timperio AF, Crawford DA: Understanding environmental
influences on nutrition and physical activity behaviors: where should we
look and what should we count? Int J Behav Nutr Phys Activity 2006, 3:33.
22. Timperio A, Ball K, Salmon J, Roberts R, Giles-Corti B, Simmons D, Baur L,
Crawford D: Personal, and family, social and physical environment
correlates of active commuting to school. Am J Prev Med 2006, 30:45-51.
23. Colabianchi N, Dowda M, Pfeiffer KA, Porter DE, Almeida MJCA, Pate RR:
Towards an understanding of salient neighborhood boundaries:
adolescent reports of an easy walking distance and convenient driving
distance. Int J Behav Nutr Phys Activity 2007, 4:66.
24. Sallis JF, Alcarez JE, McKenzie TL, Hovell MF, Kolody B, Nader PR: Parental
behavior in relation to physical activity and fitness in 9-year-old
children. Am J Dis Child 1992, 146:1383-1388.
25. Hoefer WR, McKenzie TL, Sallis JF, Marshall SJ, Conway TL: Parental
provision of transportation for adolescent physical activity. Am J Prev
Med 21:48-51.
26. Australian Bureau of Statistics: Children’s participation in cultural and leisure
activities, Australia Canberra: Australian Bureau of Statistics 2004.
27. Australian Bureau of Statistics: Participation in sport and physical
activities. Canberra: Australian Bureau of Statistics 2000.
28. Carver A, Timperio AF, Crawford DA: Neighborhood road environments
and physical activity among youth: The CLAN Study. J Urban Health 2008,
85:532-544.
29. Wendel-Vos W, Droomers M, Kremers S, Brug J, van Lenthe F: Potential
environmental determinants of physical activity in adults: a systematic
review. Obes Rev 2007, 8:425-440.
30. Arbel J, Wood LJ, Howat P, Giles-Corti B: The Class is Always Cheaper on
the Other Side’: Socioeconomic discrepancies in the cost of using
recreational facilities. Ann Leisure Res 2009, 12:83-88.
31. Dill J: Measuring network connectivity for bicycling and walking.
Transport Research Board 2004 Annual Meeting Transportation Research
Board 2004, CD-ROM.
32. Spence JC, Cutumisu N, Edwards J, Evans J: Influence of neighbourhood
design and access to facilities on overweight among preschool children.
Int J Pediatr Obes 2008, 3:109-116.
33. Frank L, Kerr J, Chapman J, Sallis J: Urban form relationships with walk
trip frequency and distance among youth. Am J Health Promot 2007,
21:305-311.
34. Chin GK, Van Niel K, Giles-Corti B, Knuiman M: Accessibility and
connectivity in physical activity studies: the impact of missing
pedestrian data. Prev Med 2008, 46:41-45.
35. Sobal J, Stunkard AJ: Socioeconomic Status and Obesity: A Review of the
Literature. Psychol Bull 1989, 105:260-275.
36. Ball K, Crawford D: Socioeconomic status and weight change in adults: A
review. Soc Sci Med 2005, 60:1987-2010.
37. Hoehner CM, Brennan Ramirez LK, Elliott MB, Handy SL, Brownson RC:
Perceived and objective environmental measures and physical activity
among urban adults. Am J Prev Med 2005, 28:105-116.
doi:10.1186/1479-5868-7-18
Cite this article as: Timperio et al.: Neighbourhood physical activity
environments and adiposity in children and mothers: a three-year
longitudinal study. International Journal of Behavioral Nutrition and Physical
Activity 2010 7:18. Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Timperio et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:18
http://www.ijbnpa.org/content/7/1/18
Page 8 of 8